hour. For a power generating station to be reliability the failure rate index must be reduced from unity to 0 as availability is directly proportional to reliability.
Failure and reliability evaluation of turbines used in Nigerian thermal plant has been undertaken. Data were obtained directly from the operational department of the stations log-book, which were records of the station's plant generation from each of the operational power generating units. The exponential and Weibull density models were used to evaluate the reliability of six turbines as an individual component in the station. Mean time to failure (MTBF), Mean time to repair (MTTR)
and failure rate (λ) 
I. Introduction
Reliability is the probability that a system, component or device will perform without failure for a specified period of time under specified operating condition. The discipline of reliability engineering adopted in this study targets the causes, distribution and prediction of failure of steam and gas turbines installed in the power plant, submitted to same commissioning process and starting to function at the same time. Zungeru et al. (2012) upheld that reliability assessment of a generating system is fundamentally concerned with predicting if the system can meet its load demand adequately for the period of time intended. Improving the availability of existing units is as important as improving the reliability expectation of units during the planning phase. The two are mutually supportive; design reliability impacts major changes in existing units, and information about operating availability is important to the system designers in both developing and developed countries (Oyedepo et al., 2015) . A widely used measure of product reliability is Mean Time Between Failure (MTBF). Before making a purchase decision for manufacturing equipment or other items, customers frequently require the supplier to provide an MTBF. Improper MTBF calculations used in head-to-head product comparisons can result in sales lost to competitors, higher procurement and maintenance costs, and customer dissatisfaction with product experience. In general terms, if the number of failures is unpredictably high in number, the equipment is said to be unreliable and its market value is reduced. On the other hand, if the number of failures is less, the equipment is reliable and its market value is high (Mishra, 2008). Performance of a system can be defined in two ways, firstly the required performance which indicates what a system is supposed to do under all environmental conditions; secondly the achieved performance which the system will likely do under all environmental conditions (Mishra, 2008) . Reliability analysis has been gradually accepted as a standard tool for planning, designing, operation and maintenance of electric power systems. In fact, the characteristic of reliability is usually used to describe some functions or tasks or in widest sense it may be said to be a measure of performance. The growing awareness of reliability arises from the fact that there is need for efficient, economic and continuous running of equipment in any organization for achieving the production target at a minimum cost and to measure with present competitive world (Mishra, 2008) .To know the real scope of reliability, it is required to highlight some technological system, which needs high reliability. The first on this class is aerospace system mainly aircrafts. It is known that capital investment in case of aircraft is very high and also human lives are at risk, therefore, the system used must be highly reliable. The other area where high reliability is required is the nuclear power plants. If such is not available for power production, they incur heavy loss per hour as well as the good will of the concerned people (Mishra, 2008). According to Gavrilov and Gavrilova (2001) , reliability theory describes the probability of a system completing its expected function during an interval of time. It is the basis of reliability engineering, which is an area of study focused on optimizing the reliability, or probability of successful functioning, of systems, such as airplanes, linear accelerators, and any other product. It developed apart from the mainstream of probability and statistics. It was originally a tool to help nineteenth century maritime insurance and life insurance companies compute fair-value rates to charge their customers. Even today, the terms "failure rate" and "hazard rate" are often used interchangeably. The failure of mechanical devices such as ships, trains, and cars, is similar in many ways to the life or death of biological organisms. Statistical models appropriate for any of these topics are generically called "timeto-event" models. Death or failure is called an "event", and the goal is to project or forecast the rate of events for a given population or the probability of an event for an individual. According to Barringer (2004) evaluation of reliability of production systems begins with management and how they communicate the need for a failure free environment to mobilize actions to preserve production systems and processes. The need for reliability considers cost of alternatives to prevent or mitigate failures, which require knowledge about times to failure, and failure modes which are found by reliability technology. Justification for reliability improvements requires knowing: (a) when things fail, Sulaiman (2015) surveys the performance of gas-turbine plants in Egbin Thermal Power Station and evaluate the effect of planned preventive maintenance on the performance of Egbin thermal power station. Obodeh and Esabunor (2011) analyzed the reliability indices of the turbines based on a six-year failure database. They estimated such reliability indices as failure rate (I), repair rate (μ) and mean time to repair (z). In general, the Nigerian power generation capability has nosedived to an abysmal level, particularly at the generation stations due to unavailability occasioned by many factors. Unplanned downtime has resulted in lost electricity-generation and requires resources to be diverted to get the system running again, i.e., lower profitability occurred. This has affected many sectors of the economy with the commercial sector being the most affected. The rising demand of this commodity from generating power stations cannot be over emphasized. The need to assess the reliability of these stations to ascertain if they are economically viable is therefore necessary. The aim of this study therefore is to carry out reliability evaluation of steam and gas turbines system components using exponential and Weibull density models.
II. Materials and Methods
Data were obtained from a thermal power station in Nigeria. These raw data were extracted from the operation department, which represents records of plant generation capabilities as well as other inherent daily conditions that will enhance the success of this study. From the records obtained, daily, monthly and yearly data of power generated were computed. In addition, during the process of gathering data on this research work, both junior and senior staffs of the technical department of the plant operation unit of the thermal power station were interviewed to get some other relevant information which was of a great assistance to the success of this work. The analysis of reliability of a system begins with a plot of failure or hazard rate with time to establish the distribution pattern. Classical studies show three phases of distribution of hazard rate with time as debugging period characterized with the initial decreasing rate of failure with time, the next or second phase is characterized by a relatively constant chance failure rate period, which is the effective life of the system. This is followed with the next last phase, a period of increasing failure rate which indicates the beginning of wear-out failures in the population. The probability models for these three phases are commonly referred to as the DFR (decreasing failure rate), CFR (constant failure rate), and IFR (increasing failure rate) models, respectively. This combined graph can be shown in the form of hazard function, in which case it is called the bathtub curve graph shown in figure 01. Reliability analysis: If ( ) is the reliability of the turbine with respect to time t, then ( ) is the unreliability (probability of turbine failure) in the same time t. Since turbine failure and no turbine failure are mutually exclusive events then,
If turbines are put on test, the number surviving to or at time t is ( ) and the number of turbines that failed between t = 0 and t = t is ( ). The hazard rate or instantaneous failure rate or expected number of failure is the number of failures per unit time per the number of turbines exposed for the same time.
( )
In more statistical term Shooman (1968) defined the expected number of failure ( ) as the probability that any of the turbines will fail between and , when it already has survived to .
Where, ( ) = the distribution parameter (i.e., turbine hazard rate or instantaneous failure rate or expected number of failure or time t dependent failure rate) ( ) = Turbine failure density function (i.e., probability density function) ( )= Cumulative distribution function (i.e., probability of turbine failure at time t or unreliability)
Meanwhile, the denominator of equation (5) can be expressed as follows:
Differentiating equation (6) with respect to t, we get ( ) ( )( ) Combining equation (7) with equation (5) yields ( )
Equation (8) is quite useful to obtain hazard rate when the turbine's reliability function is known.
General reliability function:
General turbine reliability function can be obtained by rearranging equation (8) as follows:
Integrating both sides of equation (9) over the time interval [0, t], we get
Since at t=0, R (t) = 1. Evaluating the right-hand side of equation (10) and rearranging the resulting expression yields (12) is the general expression for the reliability function. It can be used to obtain reliability function of an item when the item's hazard rate is defined by any probability distribution.
Exponential failure density model Failure rate for exponential distribution:
The turbine failure density function of the exponential distribution is defined according to Hansen and Ghare (1987) as,
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The right-hand side of equation (14) is independent of time t. thus is called constant failure rate. It simply means that when a turbine's time to failure is exponentially distributed, its failure rate is automatically constant.
Reliability function for exponential distribution: Substituting equation (14) into equation (12) we get the following expression for exponential distribution's reliability function: 
III. Results and Discussion
Curve fitting and establishment of reliability function with time response of system components Mean time to failure (MTBF), Mean time to repair (MTTR) and failure rate ( ) are evaluated from the maintenance record book of Sapele thermal power station and used to evaluate the distribution and reliabilities of system components as presented in tables 01-05 and figures 02-04.The first best practice in the analysis of the system is to understand the response of the failure rate with time. In this study failure rate of system components are plotted against the operation period as depicted in figures 02-04, it shows the three phases of distribution of failure rate with time as debugging period characterized with the initial decreasing rate of failure with time, and the second phase is characterized by a relatively constant chance failure rate period, which is the effective life of the system. This is followed with the next last phase, a period of increasing failure rate which indicates the beginning of wear-out failures in the population. These graphics of figures 02-04 show the DFR (decreasing failure rate), CFR (constant failure rate), and IFR (increasing failure rate) failure phase models of the turbines. The hazard rate after the constant rate period increases with time. Evaluation of steam and gas turbines system components Reliability of equipment depends on prompt maintenance of equipment; when the interval period between first maintenance and sub-time of system maintenance becomes farther the reliability figure dropped from unity to zero. Equipment poor performance is likely to occur which will pave way to low power generations from the affected unit. Table 06 showed the Weibull distribution parameters for reliability of steam and gas turbines, from the table, gas turbine 01 and 02 was most affected, the reliability digit remains at nil for most periods of years assessed. Reliability assessment of the thermal station from the point of assessment of equipment faults preventive maintenance has guarantee very low reliability figure for most of those units assessed in this study and as such these cannot guarantee maximum and efficient plant performance. Weibull shape parameter of 0.09 as applied for both units as showed in figure 05-09, although the failure rate was high, each Weibull curve compressed on both axes. The vertical axis showed the density of stretchiness of the reliability of both turbines while the horizontal axis showed the minimum life of turbine or the aging condition in hours. The reliability of ST01 and aging condition of unit drop by 3.5% in every 77 hours from the year 2003 to 2012. ST02 reliability, 3% in 68 hours; ST06 reliability, 3.5% in76 hour; GT01 reliability 3% in 75 hours; and GT02 reliability 3% in 84 hour.
IV. Conclusion
Reliability of the thermal power station used as a case study can be achieved by reducing the failure rate of the turbines or subsystems in the power system or by increasing the mean time between failures. Power system reliability can be achieved by reducing the mean down-time. Station units contribute significantly to both system reliability and customer satisfaction. The station could experience more than 30% reliability if units were in full operating capacity. The improvement in system reliability found to be directly proportional to the total installed capacity of units in the generating system. Reliability assessment of the thermal station from the point of assessment of equipment faults preventive maintenance has guarantee very low reliability figure for most of those units assessed in this thesis and as such these cannot guarantee maximum and efficient plant performance. Gas turbine 01 and 02 was most affected. The reliability digit remains at nil for most periods of years assessed. The rate of percentage improvement in system reliability and the reliability of power supply to grid was found to be decreasing with increase in system failure of the installed capacity in the generating system. Finally it can be concluded that the modeling of various systems and the method of reliability evaluation presented in this study were an effective tool for the quantitative evaluation of system. Use of the modeling technique shown in this work especially that of the generating system can help to compare the reliabilities of generating systems and to evaluate and compare the contribution of units to the system. The reliability assessment techniques demonstrated in this thesis can be used as a reliable tool for evaluating various options during the planning or capacity addition stage. Since failure cannot be prevented entirely, it is important to minimize both its probability of occurrence and the impact of failures when they do occur. To maintain the designed reliability and to achieve expected performance, an effective maintenance program is a must and the effective maintenance is characterized by low maintenance cost. 
